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Outline

What is meant by individualized therapy

Some history of the statistical interest in this issue

Some current clinical trial experience

Relationship to ICH E5 – Acceptance of foreign 
clinical data

Challenges for the randomized trial and product 
development

Where are we going



Personalized (Individual) Medicine

What does it mean ?

Biomarkers and Classifiers



What does individualized 
therapy mean

If you cannot metabolize a drug, meaning the drug will not 
have its intended pharmacological effect(s) then you cannot 
benefit from the drug and may just share its risk or side 
effects. 

If you are a slow, intermediate or fast metabolizer of a drug , 
you may need a different dose of a drug to get a comparable 
effect

If the target of the drug is resistant or non-responsive to the 
therapy, then the intended therapeutic effect is neutralized 
or minimized

If you have the marker(s) you should get a better response to 
the treatment in contrast to a patient without the marker



There is a rich statistical history of 
indentifying prognostic factors





What is new with prediction ?

Predicting the treatment effect (compared to what) not the 
clinical outcome itself (single cohort idea)

Enrichment designs

Adaptive designs

Type 1 error control for multiple subgroup hypotheses

Biomarkers as classifiers and their validation (qualification)



What appears different about  
targeted therapy designs

Not framed as  covariates as  prognostic factors

Not framed as a subgroup problem with the need 
for statistical interaction tests (known to be of low 
power against most alternatives)

Differential treatment response as a function of 
predictive factors

Study design implication: Multiple hypotheses

Allocate type 1 error to several hypotheses of 
interest , including the all comers and a 
targeted subset



How does ICH E5 (Acceptance 
of foreign clinical data) apply





Key Features of E5

Ethnic factors classified as extrinsic and intrinsic

Does the effect of a drug differ by these 
factors

Introduced concept of multi-regional clinical trial 
to support evidence in different regulatory 
regions – the bridging concept

Provided a cap on how much additional data 
could be asked for by a regulator in a region

Allowed another clinical study to be 
requested if needed



Classification of intrinsic and extrinsic factors



The intrinsic factor focus
Current interest

Pharmacogenomics 

Relating genomic profiles to differential 
benefit or risk or dosing paradigms

Evaluating the differential prevalence of 
such genomic profiles for different ethnic 
and racial groups to determine dependency 
of dose, benefit / risk on profiles



The Q & A addendum

Introduced the concept of multi-regional RCT for bridging









Some Examples

Cloprigrel (Plavix)

Genetic interaction ?

Is it real – type of evidence needed –
association vs. causality

Drug-drug interaction

Neutralizing the important clinical response 
of one drug with use of another drug

Regional treatment effect sizes and differences ?



Inference from a single exposure cohort



Inference from a single cohort exposure



A different conclusion from the randomized 
comparison (sub-samples from two RCT’s)





Drug – Drug Interactions

that impact the efficacy or safety 
of a treatment



Information for Healthcare Professionals: Update to the 
labeling of Clopidogrel Bisulfate (marketed as Plavix) to alert 
healthcare professionals about a drug interaction with 
omeprazole (marketed as Prilosec and Prilosec OTC) [11/17/2009]

FDA is alerting the public to new safety information concerning an 
interaction between clopidogrel (Plavix), an anti-clotting medication, 
and omeprazole (Prilosec/Prilosec OTC), a proton pump inhibitor 
(PPI) used to reduce stomach acid. New data show that when 
clopidogrel and omeprazole are taken together, the effectiveness of 
clopidogrel is reduced. Patients at risk for heart attacks or strokes 
who use clopidogrel to prevent blood clots will not get the full effect 
of this medicine if they are also taking omeprazole. The updated label 
for clopidogrel will contain details of new studies submitted by 
Sanofi-Aventis and Bristol-Myers Squibb, the manufacturer of Plavix 
(clopidogrel).



Example of differential treatment effects
- what to make of it

-In a multi-regional study















Study Design Issues

Enrichment designs to select or refine 
potential responder population

Fixed vs. adaptive designs that adapt later 
stage populations to earlier stage findings

Exploration vs. confirmation



Exploratory studies – I-SPY 2



Confirmatory studies

Fixed sample size

Adaptive designs



The range of applications

Co-development of a drug and a device 
(diagnostic) to identify the patients to benefit

Need for characterizing the sensitivity , 
specificity; positive and negative predictive value 
of the classifier – when and how

Inference on an individual patient outcome vs. 
inference on the group or risk set one belongs to

Labeling a product for use by a particular 
subpopulation



The classifier (personalization) 
metric

What do you need to know about it

When do you need to know about it

If available it may be so,  for different 
reasons (indications)

Some examples



Some examples of the use of diagnostic tests 

Her 2 IHC, HER2 Fish/CISH – appear in the product label 
because they were used to select patients in the clinical trials

The indication for the HER2 test does not say that it is 
a predictive marker (ie. Predicts differential treatment 
response)

MammaPrint, an approved test as a ‘prognostic’ marker for 
breast cancer patients for risk of distant metastases

Some tests are approved for screening: PSA, CEA

Most oncology products approved for a broader population 
– few target therapies developed yet



K-ras – What did we learn

Evaluating the consistency of effects across 
multiple studies and within drug class

Impact of convenience samples for the Kras 
classification

Retrospective vs. prospective analysis strategies

How to take advantage of pre-
treatment/randomization, baseline screening



Clinical Trial Line Add’al 
Therapy

1˚ 
Endpt

Met 1˚

Endpoint

ITT Patients Tested 
for KRAS

Assay
n ITT % of 

ITT

CRYSTAL 

EMR 62202-013
1st FOLFIRI PFS

YES

p = 0.048
540 1198 45 PCR based

NCIC-017 

CA225025
3rd BSC OS

YES

p = 0.005
394 572 69 sequencing 

EPIC 

CA225006
2nd irinotecan OS

NO

p = 0.71
300 1298 23 sequencing 

OPUS

EMR 62 202-
047

1st FOLFOX RR
NO

p = 0.06
233 337 69 PCR based

Cetuximab Trials –Class safety labeling revision :
lack of benefit in the K-ras mutant mCRC population



Panitumumab Trials - Class safety labeling revision :
lack of benefit in the K-ras mutant mCRC population

Clinical 
Trial Line Add’nl 

Therapy
1˚

Endpt

Met 1˚

Endpoint

ITT Patients Tested 
for KRAS

Assay

n ITT % of 
ITT

20020408 3rd BSC PFS
YES

p < 0.0001
427 463 92 PCR based 

PACCE 
20040249 1st

chemo/

bev

PFS
NO

Inferior

P = 0.002

863 1053 82 PCR based

Presenter
Presentation Notes
In support of this proposal, Amgen submitted summary results from the retrospective analysis of a single randomized study of best supportive care with or without panitumumab in the third-line treatment of patients with EGFR-positive metastatic colorectal cancer.  The primary endpoint for this study was PFS.  

Tissue acquisition was required for eligibiltiy in this trial and was to be used in an active biomarker exploration program.  Exploratory analysis by KRAS genomic status was not a pre-specified exploratory endpoint.  KRAS genomic status was available on over 90% of originally randomized patients.  A PCR-based assay was used to assess KRAS genomic status.



Overall survival
The following graph provides a summary of overall survival for the five 
studies having overall survival comparisons for the WT KRAS and 
mutant KRAS subgroups

Hazard ratios are used for overall survival. 

Points above the line correspond to larger effects for Cetuximab or 
Panitumumab for the mutant KRAS “subgroup” than for the wild-type 
“subgroup”

Points below the line correspond to larger effects for Cetuximab or 
Panitumumab for the wild-type “subgroup” than for the mutant KRAS 
“subgroup” 
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harmful effect to both subsets; only the circled trial 
shows clear benefit in WT KRAS patients only

Benefit in
MT KRAS only

Benefit in 
WT KRAS only

Greater benefit for 
Mutant KRAS

Greater benefit 
For WT KRAS

Harmful to both 
subsets



Progression-free survival
The following graph provides a summary for the six studies of the 
progression-free survival comparisons for the WT KRAS and mutant 
KRAS subgroups

Hazard ratios are used for progression-free survival. 

Points above the line correspond to larger effects for Cetuximab or 
Panitumumab for the mutant KRAS “subgroup” than for the wild-type 
“subgroup”

Points below the line correspond to larger effects for Cetuximab or 
Panitumumab for the wild-type “subgroup” than for the mutant KRAS 
“subgroup” 
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Moving from the retrospective assessment to 
prospective assessment – and from 

convenience samples to full ascertainment

The KRAS mutation experience (metastatic 
colorectal cancer)

The BRAF mutation experience (malignant 
melanoma)



Some lessons learned from 
surrogate marker validation

and 
unexpected findings in small 

subgroups



Colorectal Adj:  Hazard Ratios for DFS vs. Overall Survival
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Why ?

The analysis plan , in the initial study, changed after seeing 
the data: it placed new emphasis on a subgroup finding, or on a 
secondary endpoint raised in prominence leading to false 
discoveries that were not replicated 

3 Examples: Vesnarinone, Amlodipine, Losartan

Trials whose findings were reversed upon completion of a 
second study planned to specifically test the hypothesis 

generated in the first study



We should be concerned  not only about 
Type 1 error control – true positives

Replication of the treatment effect in the classified 
subset in a separate independent study

Especially when a marker has no biological / 
mechanistic interpretation

Probability that the treatment effect in the marker 
subgroup is a true positive – especially when the 
subset is relatively small, stratified randomization is 
not employed, and perhaps  100 %  of the ITT 
population does not have classifier status ascertained



How large should the ‘off’ group be – subsets who may benefit within 
mutant subset (the specificity of the classifier is an issue)



How probable are prognostic factor imbalances ?  
It Depends

(Implications for minimum marker subgroup sample sizes to 
minimize bias)

Full ITT population - factor ascertained on 
everyone in the RCT

Depends upon sample size in each treatment 
group within each factor (genomic + or - )

Convenience samples - factor is ascertained on a 
non-randomized subset of subjects, in each 
treatment group – Imbalance in prevalence of 
prognostic markers in each non-randomized 
subgroup and imbalance in prevalence of marker 
status can introduce biases in the data



Table 1. Probability of observed imbalance between two
treatment groups: a binary prognostic factor*

True 
Prevalence

N=20/arm N=50/arm N=100/arm

10% 0.0631 0.0017 0.0000
20% 0.1636 0.0173 0.0006
30% 0.2258 0.0377 0.0026
40% 0.2582 0.0519 0.0048
50% 0.2682 0.0569 0.0057

* imbalance is defined as a 20% observed difference, Cui et al. (2002).



Table 2. Probability of imbalance in prognostic factor 
for certain sample sizes  and percent imbalance

Prevalence
N=1350
d = 5%

N=350
d = 10%

N=150
d = 15%

10% 0.0000 0.0000 0.0000

20% 0.0012 0.0011 0.0012

30% 0.0046 0.0044 0.0045

40% 0.0080 0.0077 0.0079

50% 0.0094 0.0091 0.0093

d: % observed imbalance between the treated group and the comparator group;
Wang, O’Neill, Hung (2010).



A RCT to demonstrate minimizing risk 
through effective screening

The Abacavir ‘PREDICT -1’ trial

Same treatment in both randomized groups

Treatment groups differed by screening strategy

and the entrance criteria into the trial

HLA-B*5701 screening - exclude positive 
subjects in one of the randomized arms

Goal: demonstrate screening reduces 
incidence of serious adverse event

Provides estimates of Sensitivity and 
specificity for the classifier





The study confirmed the hypothesis that 
screening will reduce  a severe adverse reaction



The study design also provided estimates of performance of 
the classifier – sensitivity and specificity



Where might RCT’s being going in the future
Prospective study design options

A two stage design that reserves some type 1 error 
for testing a subgroup yet to be specified -
(biological plausibility)

Fixed study design with no adaptation to 
increase samples size overall or in subgroups 

An adaptive study design that can increase sample 
size and pre-specifies the ‘win criteria’ or  study 
‘success’ criteria

Also tests the efficacy of a classifier at the same 
time the prognostic effect is demonstrated



What do we need to know for  a marker 
to be predictive of treatment effect 

(relative change in response)

An unbiased comparison between the test 
treatment and control in each of the 
marker subgroups

Unbiased generally requires a 
randomized subset of subjects in each 
of the marker categories, not a 
convenience sample of subjects with 
marker status available



Performance of assays for 
marker classification

What are the minimum performance 
characteristics  (e.g., sensitivity, specificity, 
reproducibility) of the assay used to classify 
patient subgroups and what are the consequences 
of that performance for making correct inferences 
from the study

KRAS vs EGFR vs breast cancer assay

In general,  ‘classifier’ performance and marker 
prevalence (mix) may explain study to study  
heterogeneity and differences in results



Other designs and considerations





Establish consensus on a good analysis 
plan for a retrospective evaluation

Role of randomization to assure unbiased and fair comparisons

Role of marker status classification - impact of convenience samples 
on biased estimates

Marker classification performance

Statistical control of false positive conclusions - how many 
hypotheses, which were primary, which failed

Accounting for multiplicity – on which outcomes ( OS,PFS,RR)

Data to generate the hypothesis vs. data to confirm the hypothesis

Replication of evidence



Establish a framework
for the level of rigor required

Proof of concept - exploration of the association of a marker(s) with an 
outcome

In a cohort that is non exposed to test treatment - goal is prognostic 
factor

In a cohort exposed to test treatment - goal is a predictive factor

Could be both

Proof of marker predictive treatment effects

Confirmatory clinical studies

Control of Type 1 error and minimizing bias

Replication - two or more studies showing the same consistent 
finding

PGx ascertainment on all randomized subjects with sufficient 
sample size in the minimum marker group to assure 
comparability of subject prognostic factors - addresses the 
confounding problem



Way forward

Encourage RCT designs that evaluate subgroups 
in a more rigorous manner

Studies may not necessarily be smaller if all 
marker subgroups are evaluated to identify best 
responders

Guidances under development

Enrichment

Adaptive designs

Co-development
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